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 Background: The purpose of this study was to compare resting energy expenditure 
(REE) in premature infants of different body weights during weaning from the incu-
bator. We hypothesized that premature infants would respond to weaning from an 
incubator with an increase in REE, and that the increment would be larger in 
infants with lower body weights than in those with higher body weights. 
 Methods: Stable preterm infants with body weights between 1800−2200 g were 
enrolled. REE was measured using indirect calorimetry at 1 hour before weaning 
and 3 hours after turning off the incubator. REE measurements from infants with 
higher body weight (2000−2200 g, Group A) were compared to those of infants with 
lower body weight (1800−2000 g, Group B). 
 Results: A total of 22 patients were studied (10 in Group A and 12 in Group B). REE 
increased significantly after weaning in both groups (Group A: from 62 ±  7 kcal/kg/day 
to 69 ±  8 kcal/kg/day,  p = 0.045 and Group B: from 65 ±  5 kcal/kg/day to 70 ±  7 kcal/
kg/day,  p = 0.001). However, there was no significant difference in REE increments 
between the two groups. 
 Conclusion: REE increased significantly in infants during weaning from an incuba-
tor. The increase in REE increment was similar in smaller (1800−2000 g) and larger 
(2000−2200 g) babies in this study. Weaning of preterm babies from an incubator 
may be safely started when their body weight reaches 1800 g. 
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 1. Introduction 
 Incubators are necessary to provide a neutral ther-
mal environment for the control of temperature in 
premature infants. Neonates rely on nonshivering 
brown fat metabolism for thermogenesis, which con-
sumes oxygen and glucose. 1 Most preterm babies 
acquire thermal competency and are able to survive 
at standard room temperature once they reach a 
body weight (BW) of 1500−2000 g. 2 The practice of 
transferring infants from incubators to open cribs 
varies widely among neonatal units, with no clear 
evidence for the optimal timing of this transition. 
Delayed transition to an open crib on the basis of 
failure to reach an arbitrary BW may result in longer 
hospitalization than necessary, thus increasing the 
cost of care. On the other hand, potential risks are 
associated with making the transition too early. 
Transferring infants from an incubator to an open crib 
before they are able to maintain their temperature 
may result in weight loss or other hypothermia-
related complications, and eventually extend hos-
pitalization and add to the cost of care. 2,3 Thus, the 
timing of this transition is of critical relevance. 
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 Energy expenditure may increase for any newborn 
infant during weaning from an incubator. 4−6 Pre-
term, low birth weight infants are in double jeop-
ardy of decreased energy production and increased 
heat loss. Hence, the smaller the infant, the more 
energy they might need to spend to maintain optimal 
body temperature. Increases in energy expenditure 
may affect optimal BW gain. Energy expenditure 
needs to be examined to better understand the 
energy metabolism and nutritional status in pre-
mature infants. We hypothesized that there is an 
increase in resting energy expenditure (REE) dur-
ing weaning, and that the smaller the infant, the 
greater the increase in REE during weaning. We 
analyzed REE with the aim of establishing incuba-
tor weaning guidelines based on BW. 
 2. Patients and Methods 
 This study was approved by the Institutional Review 
Board of Chang Gung Memorial Hospital, and writ-
ten informed parental consent was obtained for 
each of the participants. The study period was from 
January to August 2008. We enrolled preterm in-
fants in the Special Care Nursery who were still in 
incubators, were medically stable, and were in the 
process of being weaned from the incubator when 
their BW reached 1800−2200 g. Patients were di-
vided into two groups based on their BW at the be-
ginning of incubator weaning: Group A included 
infants with higher BWs (2000−2200 g) and Group B 
included those with lower BWs (1800−2000 g). At 
the time of study, all infants were receiving full 
enteral feeding by mouth every 3 hours. All infants 
had a core temperature between 36.5−37.5 º C for 
more than 12 hours while in the incubator, 7 and the 
incubator temperature was set at 31.0 º C before 
weaning. At the time of the study, all infants had 
an energy intake ranging between 85−125 kcal/kg/
day. Exclusion criteria included metabolic disorders, 
bronchopulmonary dysplasia, requirements for sup-
plemental oxygen or respiratory support, major con-
genital anomalies including congenital heart disease, 
necrotizing enterocolitis, and severe central ner-
vous system lesions (Grade III  & IV intraventricular 
hemorrhage). Infants with known maternal thyroid 
disease, withdrawal syndrome, active infection or 
still under phototherapy were also excluded. 8 
 REE was measured by indirect calorimetry using 
a Deltatrac Metabolic monitor (Datex-Ohmeda, 
Helsinki, Finland). This instrument has a circuit 
system that allows continuous measurements of 
oxygen consumption (VO 2 ) and carbon dioxide pro-
duction (VCO 2 ) using a constant-flow generator. 9,10 
The device self-calibrates before taking measure-
ments based on independently measured barometric 
pressure. The instrument had an intra-assay coef-
ficient of variation of 3% in the current study. REE 
measurements were conducted at baseline (1 hour 
before weaning) and 3 hours after turning off the 
incubator with the portholes open. All infants were 
dressed in a similar fashion after the incubator heat-
ing was turned off. Each infant’s core temperature 
was assessed immediately before, and 30 minutes 
and 60 minutes after turning off the incubator. 
Weaning failure was defined as an infant’s core 
temperature dropping below 36.5 º C after the incu-
bator was turned off with the portholes open. The 
incubator was turned on again if weaning failed. 
The room temperature of the study site was main-
tained within the range of 24.5−26 º C using a cen-
tral air conditioning system. 7 All measurements were 
started 1 hour after feeding, while infants were quiet 
and asleep. 11,12 All infants were fed every 3 hours. 
Each measurement lasted a total of 40 minutes, 
with the examiner observing patients from the bed-
side and with each patient receiving two measure-
ments before and after weaning. 13 Measurements 
were stopped during the patient’s body movement 
and resumed when movement stopped. 
 Data were presented as  mean ±  SD . Differences 
in continuous variables were analyzed using Student’s 
 t tests, paired  t tests and linear regressions. Differ-
ences in categorical variables were analyzed using 
 χ 2 tests. Results were considered statistically sig-
nificant at  p  <  0.05. 
 3. Results 
 A total of 22 preterm infants were included in the 
study, 10 in Group A (higher BW) and 12 in Group B 
(lower BW). BW, gestational age at birth and study 
weight were 1864 ±  413 g and 1714 ±  286 g, 33.0 ±  2.4 
weeks and 33.9 ±  2.4 weeks, 2105 ±  86 g and 1901 ± 
38 g, in Groups A and Group B, respectively. Post-
menstrual ages were similar at the time of study: 
35.8 ±  1.2 weeks in Group A and 36.1 ±  1.2 weeks in 
Group B. There were no significant differences in 
birth BW, gestational age or study age between 
the two groups of infants (Table 1). Five infants in 
Group A and three in Group B were male. All but 
one infant in Group B were successfully weaned 
from the incubator. One infant in the lower weight 
group failed incubator weaning and developed hy-
pothermia and bradycardia. The weaning success 
rate was similar between the two groups. 
 At the time of study, all infants had energy in-
take that was between 86−124 kcal/kg/day ( mean ± 
 SD, 106 ±  13 kcal/kg/day and 113 ±  14 kcal/kg/day in 
Group A and Group B, respectively). The infants were 
fed orally with human milk and fortifier or preterm 
formula. No infants required the use of an orogastric 
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tube, and none were receiving parenteral nutrition 
at the time of the study. 14 The infants’ energy expen-
ditures are summarized in Table 2. REE increased 
significantly 3 hours after turning off the incubator 
in both groups (Group A: 62 ±  7 kcal/kg/day  vs . 69 ± 
8 kcal/kg/day,  p = 0.045; Group B: 65 ±  5 kcal/kg/
day  vs . 70 ±  7 kcal/kg/day,  p = 0.001). There were no 
significant differences between the groups in terms 
of either REE before or after weaning from the incu-
bator or in REE increment. 
 Mean BW gains 3 days after weaning were 18 ± 
8 g/kg/day and 17 ±  7 g/kg/day in Groups A and B 
( p  >  0.05), respectively. Mean BW gains within the 
3 days before weaning were 17 ±  7 g/kg/day and 
14 ±  6 g/kg/day in Groups A and B ( p  >  0.05), respec-
tively. No differences in BW gains between Groups 
A and B were found before or after weaning, using 
paired  t tests. Energy balance can be expressed as 
energy intake minus REE. No correlation between 
mean weight gain during weaning and infant’s body 
weight or energy balance was found using linear re-
gression analysis. Taking all study infants as a whole, 
REE, gestational age, postmenstrual age, birth BW 
and postnatal age were 64 ±  6 kcal/kg/day, 33.4 ± 
1.9 weeks, 35.9 ±  1.9 weeks, 1776 ±  349 g and 19 ±  12 
days, respectively. Analyses of correlations between 
baseline REE (immediately before weaning, taking 
Table 1  Demographic characteristics of the study 
infants*
 Group A Group B 
p (n = 10) (n = 12)
Birth weight (g) 1864 ± 413 1714 ± 286 0.33
Gestational age 33.0 ± 2.4 33.9 ± 2.4 0.52
 (wk) at birth
Sex (M/F) 5/5 3/9 0.17
Weight at 2105 ± 86 1901 ± 38 0.01†
 weaning (g)
Postmenstrual age 35.8 ± 1.2 36.1 ± 1.2 0.75
 at weaning (wk)
*Data presented as mean ± SD; †p < 0.05.
Table 2  Energy expenditure and energy intake 
(kcal/kg/day)*
 Group A Group B
REE before weaning 62 ± 7 65 ± 5
REE after weaning† 69 ± 8 70 ± 7
Energy intake 106 ± 13 113 ± 14
BW gain (g/kg/day) 18 ± 8 17 ± 7
*Data presented as mean ± SD; †p < 0.05 (before and after 
weaning). REE = resting energy expenditure; BW = body 
weight.
all study infants as one group) and other factors 
showed that only postnatal age correlated with 
baseline REE ( p = 0.010), that is, the older the post-
natal age, the higher the REE. 
 Three patients in Group A in the current study 
were small for gestational age (SGA), while the other 
18 infants were appropriate for gestational age 
(AGA). However, even when the three SGA infants 
were excluded, there was still no difference in REE 
between the groups either before (62 ±  8 kcal/kg/
day  vs. 64 ±  5 kcal/kg/day Group A  vs. B), or after 
weaning (70 ±  9 kcal/kg/day  vs. 71 ±  7 kcal/kg/day, 
Group A  vs. B). The REE increments were also similar 
between the two groups. 
 The only infant who failed to be weaned from the 
incubator weighed 1890 g, and its REEs before and 
after weaning were 63.9 kcal/kg/day and 60.1 kcal/
kg/day, respectively. Energy intake was 113 kcal/
kg/day. 
 4. Discussion 
 This study confirmed that preterm infants respond 
to weaning from an incubator by increasing their 
metabolic rate and REE. The study results reiterate 
the importance of meticulous integration of ther-
mogenesis, nutritional supply and growth into the 
care of preterm infants. Our results also suggest 
that there was no greater increase in REE associ-
ated with weaning for infants weighing over 1800 g 
than for those weighing over 2000 g. The weaning 
success rate and daily weight gains during transfer 
from incubators to open cribs were similar for in-
fants with lower and higher BWs. At present, no 
clear guidelines exist to suggest when preterm in-
fants should be weaned from an incubator, and 
2 kg is used as a random weaning weight in some 
nurseries. The results of the current study suggest 
that it is safe to try weaning infants from an incu-
bator when they reach a BW of 1800 g. 
 It has long been suggested that SGA infants have 
a higher metabolic rate than AGA infants, leading 
to the concept of a relatively higher energy expen-
diture in SGA infants. 15 − 18 This increased energy ex-
penditure in SGA infants is partly explained by 
their having relatively less subcutaneous fat for in-
sulation and thermogenesis, and having a greater 
surface area/weight ratio in comparison with AGA 
infants. SGA infants in the current study also had 
higher REEs. However, there were only three SGA 
infants in our study, and thus, no conclusions could 
be drawn from the small number of patients. 
 We found that only postnatal age, and none of the 
other factors such as gestational age at birth, birth 
weight, postmenstrual age or sex correlated with 
baseline REE in the infants. This finding is consistent 
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with previous studies 2,18 that reported improved 
thermostability with increasing postnatal age. 
 Weaning failed in only one patient in the current 
study, and the REE was lower in this infant after 
weaning, compared with the others. This could be 
explained by the patient’s hypothermia and lower 
metabolic status (lower heart rate during hypo-
thermia). Weintraub et al 4 compared REE in 42 pre-
term neonates divided into two incubator weaning 
methods. They suggested that baseline REE was 
higher in the successfully weaned group than in the 
failed group, and that higher baseline REE conferred 
a homeothermic advantage. 4 However, baseline REE 
in the failed patient in our study was not significantly 
different from that of the successfully weaned in-
fants. Only premature infants weighing above 1800 g 
were enrolled in this study, which may have con-
tributed to the higher successful weaning rate from 
the incubator. This could explain why only one pa-
tient in our study failed weaning. 2 
 This study was limited by the fact that it was not 
a case-controlled study, and the case number was 
suboptimal. However, the sound clinical observa-
tions may help guide decision making by pediatri-
cians responsible for the care of preterm infants. 
The results of this study also provide the basis for 
further investigations using larger sample sizes and 
focusing on infants with lower BWs than those used 
in the current study. 
 In summary, REE increases significantly after an 
infant is weaned from an incubator. Medically sta-
ble preterm infants may be safely weaned from an 
incubator when their BW reaches 1800 g, thus ef-
fectively reducing their hospital stay. 
 References 
 1. Hulzebos CV, Sauer PJ. Energy requirements.  Semin Fetal 
Neonatal Med 2007;12:2−10. 
 2. New K, Flenady V, Davis MW. Transfer of preterm infants 
from incubator to open cot at lower versus higher body 
weight.  Cochrane Database Syst Rev 2008;1:CD004214. 
 3. Dollberg S, Mimouni FB, Weintraub V. Energy expenditure in 
infants weaned from a convective incubator.  Am J Perinatol 
2004;21:253−6. 
 4. Glass L, Silverman WA, Sinclair JC. Relationship of the ther-
mal environmental and caloric intake to growth and resting 
metabolism in the late neonatal period.  Biol Neonat 1969;
14:324−40. 
 5. Weintraub V, Mimouni FB, Dollberg S. Changes in energy 
expenditure in preterm infants during weaning: a randomized 
comparison of two weaning methods from an incubator. 
 Pediatr Res 2007;61:341−4. 
 6. Weintraub V, Minouni FB, Dollberg S. Effect of birth weight 
and postnatal age upon energy expenditure in preterm 
infants.  Am J Perinatol 2009;26:173−7. 
 7. McCall EM, Alderdice F, Halliday HL, Jenkins JG, Vohra S. 
Intervention to prevent hypothermia at birth in preterm 
and/or low birthweight infants.  Cochrane Database Syst Rev 
2010;2:CD004210. 
 8. Leirch CA, Ahlrichs J, Karn C, Denne SC. Energy expendi-
ture and energy intake during dexamethasone therapy for 
chronic lung disease.  Pediatr Res 1999;46:109−13. 
 9. Rumpler WV, Seale JL, Conway JM, Moe PW. Repeatability of 
24-h energy expenditure measurements in humans by indi-
rect calorimetry.  Am J Clin Nutr 1990;51:1475−2. 
 10. Roberts SB, Coward WA, Schlingenseipen KH, Nohria V, 
Lucas A. Comparison of the doubly labeled water(2H2(18)O) 
method with indirect calorimetry and a nutrient-balance 
study for simultaneous determination of energy expenditure, 
water intake, and metabolizable energy intake in preterm 
infants.  Am J Clin Nutr 1986;44:315−22. 
 11. Chardon K, Cardot V, Leke A, et al. Thermoregulatory control 
of feeding and sleep in premature infants.  Obesity 2006;14:
1535−42. 
 12. Dollberg S, Yacov G, Mimouni FB, Barak M. The effect of 
positioning on energy expenditure in preterm infants: a 
feasibility study.  Am J Perinatol 2004;21:391−4. 
 13. Moreira ME, Vieira AA, Mendes Soares FV, et al. Determining 
the least time required for measuring energy expenditure 
in premature neonates.  J Perinat Med 2007;35:71−5. 
 14. Koea JB, Wolfe RR, Shaw JH. Total energy expenditure dur-
ing total parenteral nutrition: ambulatory patients at home 
versus patients with sepsis in surgical intensive care.  Surgery 
1998;118:54−62. 
 15. Hill JR, Robinson DC. Oxygen consumption in normally grown, 
small-for-dates and large-for-dates newborn infants.  J Physiol 
1968;199:685−703. 
 16. Chesse P, Reichman B, Verellen G, Putet G, Smith JM, Heim T, 
et al. Metabolic consequences of intrauterine growth retar-
dation in very low birth-weight infants.  Pediatr Res 1984;
18:709−13. 
 17. Davies PSW, Clough H, Bishop NJ, Lucas A, Cole JJ, Cole TJ. 
Total energy expenditure in small for gestational age infants. 
 Arch Dis Child 1996;75:F46−8. 
 18. Wells JCK, Davis PSW. The components of energy metabo-
lism in 12-week-old infants.  Ann Hum Biol 1995;22:175. 
